One sentence summary: Analysis of culivatable bacteria from Pectinatella magnifica and ambient water revealed 3 potential new genera and 15 potential new species.
INTRODUCTION
Pectinatella magnifica (Leidy, 1851 ) is a freshwater invertebrate resident within Phylactolaemata, a class of phylum Bryozoa. This so-called moss animal forms large gelatinous colonies on the surface of submerged substrates, or floats freely in the water bodies such as rivers, lakes, ponds and dams, and, as a filter feeder, it feeds mainly on plankton and detritus (Ingold et al. 1984; Balounová et al. 2011) . This organism originates from North America (Lacourt 1968; Massard and Geimer 2008) . Nevertheless, it was soon found in many other localities in Europe, Japan, and Korea, probably as a result of importation in freshwater tanks of ships from America (reviewed in Lacourt 1968) . In water reservoirs of South Bohemia (Czech Republic), P. magnifica is an invasive species expanding massively since 2013. In recent years, an increasing number of studies have evaluated the invasive spread of this bryozoan from various countries (Balounová et al. 2013; Szekeres, Akác and Csányi 2013; Aleksandrov et al. 2014; Zorić et al. 2015) and its influence on aquatic environments and human health. This organism has been associated with biofouling (Wang, Wang and Cui 2017) , viewed as an intermediate host for fish parasites, especially microsporidia (Canning et al. 2002) , and considered a health risk resulting from the presence of cytotoxic agents (Kollar et al. 2016 ). In addition, P. magnifica was tested for its antibacterial and antifungal activity (Pejin et al. 2015) . Bryozoan extracts were, in some cases, active against selected bacterial and fungal strains at concentrations lower than those of pure antibiotics, which served as controls. This finding contrasted with the results from a study by Kollar et al. (2016) that also demonstrated the antimicrobial activity of P. magnifica extracts, but at concentrations significantly higher than those in the previous study. Studies focused on the antimicrobial activity of freshwater bryozoans are rare, but marine forms are well known as producers of many biologically active secondary metabolites, which act as defensive agents against predators, parasites, and infections or as chemicals for intra-and inter-specific communication (Blackman and Walls 1995; Sharp, Winson and Porter 2007; Sinko et al. 2012) . Some of these agents have interesting properties, which could be exploited pharmacologically (Pettit et al. 1982; Hennings et al. 1987; Milanowski et al. 2004; Prinsep et al. 2004 ). However, in many cases, the real sources of these compounds are not the bryozoans themselves, but their microscopic symbionts (Pettit et al. 1982; Schmidt et al. 2000; König et al. 2006) , or possibly, epibiotic bacteria (Heindl et al. 2010) . Although several studies have focused on P. magnifica from different perspectives, only one study described bacteria associated with this organism (Vlková et al. 2015) . A search for cultivatable P. magnifica-associated bacteria is needed not only to discover producers of new antimicrobial compounds (Roca et al. 2015) , but also to gain deeper insight into the ecology and interactions of the bacteria with their environment. There is no doubt that modern sequencing methods provide precise information about microbial diversity. This is especially true for microorganisms that are not capable of growing under experimental conditions and/or are only slightly distributed in the environment. On the other hand, isolation of bacteria in pure cultures under laboratory conditions is the first step to identify a new species. Cultivation enables study of the whole organism, including its phenotype, and provides the means to verify hypotheses arising from genomic data. Further, axenic cultures provide complete genomes of high quality that serve as references for a variety of meta-omics approaches and for the design of specific probes and primers. Even in the current 'omics' epoch, standard microbiological techniques remain a fundamental tool in microbiology, and studies referring the need of isolation and cultivation of aquatic microorganisms still arise (Giovannoni and Stingl 2007; Garcia 2016; Salcher andŠimek 2016) . Hence, the aim of this study was to isolate and identify bacteria from P. magnifica colonies and the surrounding water collected in South Bohemia. 
MATERIALS AND METHODS

Sample collection
Cultivation and enumeration of bacteria
Bacterial enumeration and isolation from P. magnifica colonies were performed using yeast extract-tryptone agar (YT, Oxoid, Basingstoke, UK) supplemented with 1 g/L of glucose dissolved in Pectinatella extract (YTGP) as described previously (Vlková et al. 2015) . Briefly, for the extract preparation, whole colonies were boiled, filtered, and sterilised. Cold extract was used to support the growth of any symbiotic bacteria. Medium of the same composition dissolved in distilled water (YTGW) was used to enumerate bacteria from water samples. Samples of P. magnifica colonies were homogenised in a blender, which simultaneously allowed bacterial cells to be dislodged from the colony structure, and serially diluted in oxygenfree peptone water. Cultivation was performed under both aerobic and anaerobic conditions. In order to differentiate anaerobic bacteria from facultative anaerobic bacteria, neomycin (70 mg/L) was added to the medium for obligate anaerobes to suppress the growth of facultative anaerobes (Pinheiro et al. 2003) . Anaerobes and facultative anaerobes were cultivated in anaerobic jars (Anaerobic Plus System, Oxoid, Basingstoke, UK) in the presence of an AnaeroGen oxygen scavenging system (Thermo Fisher Scientific, Waltham, USA) at 24
• C for 5 days, and aerobes were cultivated at the same temperature under aerobic conditions for 3 days. Bacteria from water samples were cultivated under the same conditions. After incubation, all colonies were counted and numbers expressed as log colony-forming units (CFU)/g. From each cultivation variant, colonies differing in shape, margin, size, and pigmentation were picked and enriched in YTGP or YTGW broth. Isolates were then evaluated for their purity and selected based on morphological characteristics by using phase contrast microscopy (Nikon Instruments Europe B. V., Amsterdam, Netherlands). In total, 253 isolates were chosen for future identification.
Identification by matrix-assisted laser desorption/ionisation time-of-flight mass spectrometry Bacteria were identified based on ribosomal protein analysis on an Autoflex speed matrix-assisted laser desorption/ionisation time-of-flight (MALDI-TOF) mass spectrometer (Bruker Daltonik GmbH, Leipzig, Germany), according to manufacturer's instructions. One millilitre of each fresh overnight culture was centrifuged for 3 min at 14 500× g, resuspended in 1.2 mL of 75% ethanol, and centrifuged again. The supernatant was discarded. This step was repeated twice to remove residues of the culture medium. The pellets were dried at room temperature and then resuspended in 10 μL of 70% formic acid and 10 μL of acetonitrile. After centrifuging for 2 min at 14 500× g, 1 μL of supernatant was transferred onto an MTP 384 polished steel BC target (Bruker Daltonik GmbH, Leipzig, Germany) and allowed to air dry. Each sample spot was overlaid with 1 μL of HCCA matrix solution (saturated solution of α-cyano-4-hydoxy-cinnamic acid in 50% acetonitrile with 2.5% trifluoroacetic acid, Bruker Daltonik GmbH, Leipzig, Germany) and dried at room temperature. Spectra were measured automatically with FlexControl software version 3.4. To identify microorganisms, the raw data obtained from each isolate were imported into BioTyper software version 2.0 (Bruker Daltonik GmbH, Leipzig, Germany) and analysed. Measurements of each strain were performed in duplicate. Individual groups consisted of isolates, which were identified identically at species level, other groups were delineated according to the generic name and the last group consisted of isolates with a score values lower than 1.7. Within these groups, bacteria were clustered by repetitive extragenic palindromic (REP)-PCR.
DNA extraction and REP-PCR fingerprinting
Genomic DNAs were extracted using the PrepMan C Ultra Sample Preparation Reagent Protocol (Applied Biosystems Inc., Foster City, USA). For more detailed discrimination, bacterial isolates were characterised by REP-PCR. PCR amplification was performed using the primer (GTG) 5 [5 -GTGGTGGTGGTGGTG-3 ] as described previously (Gevers, Huys and Swings 2001) . The PCR protocol included initial denaturation at 95
• C for 7 min, followed by 30 cycles of 90 • C for 3 min, 40
• C for 1 min, and 65
• C for 8 min, and then a single final extension at 65
• C for 16 min. PCRs were conducted in a volume of 25 μL containing 2 μL of DNA, 1 μL of primer (10 μM), 12.5 μL of DreamTaq Green PCR Master Mix (Thermo Fisher Scientific, Waltham, USA), and 9.5 μL of nuclease-free water (Thermo Fisher Scientific, Waltham, USA) in an automated T100 Thermal cycler (Bio-Rad, Hercules, USA). The PCR products were electrophoresed in a 1.5% agarose gel stained with GelRed (Biotium Inc., Fremont, USA) for 130 min at a constant voltage of 85 V in 1 × TAE buffer (40 mM Tris, 20 mM acetic acid, 1 mM EDTA, Fermentas Inc., Burlington, Canada), together with GeneRuler 100 bp Plus DNA Ladder (Thermo Fisher Scientific, Waltham, USA) as a molecular marker. The REP-PCR fingerprints were visualised under a UV transilluminator (Bio-Rad, Hercules, USA), and digital images were captured. The resulting patterns were processed using BioNumerics software version 6.5 (Applied Maths NV, Sint-Martens-Latem, Belgium). For the cluster analysis of these patterns, the Unweighted Pair Group Method with Arithmetic mean was applied with a distance tolerance 1.0% and optimisation set 1.0%.
Identification by 16S rRNA gene sequencing
A total of 169 bacterial strains were selected for identification using 16S rRNA gene comparative analyses. in an automated T100 Thermal cycler (Bio-Rad, Hercules, USA). The amplified PCR products were verified by agarose gel electrophoresis, purified with an illustra GFX PCR DNA Gel Band Purification Kit (GE Healthcare, Little Chalfont, UK) and sequenced with each primer (fD1, rP2) using the Sanger method (GATC Biotech, Constance, Germany). Sequence data were aligned using the ClustalX package (Thompson et al. 1997) in BioEdit (Hall 1999 ) and compared with published sequences in the GenBank (at the National Center for Biotechnology Information, NCBI) nucleotide database using the BLAST program (Maidak et al. 2003) and EZ Taxon (Chun et al. 2007 ) to find the closest related taxa. The 16S rRNA gene sequences of representative strains were deposited in GenBank via the BankIt program at the NCBI website (https://www.ncbi.nlm.nih.gov/WebSub/?tool=genbank).
Phylogenetic analysis
Taxonomic relationships between isolates were evaluated by creating 16S rRNA-based phylogenetic trees. For tree reconstructions, isolates were divided into specific bacterial phyla. One representative isolate of each phylotype was selected for phylogenetic calculation. Obtained sequences and sequences of type strains of closely related taxa retrieved from the Ez Taxon database (Chun et al. 2007) were used for ClustalW alignment in Geneious 7.1.7 program (Biomatters Ltd., Auckland, New Zealand). Alignments were improved by elimination of poorly aligned positions and divergent regions using the Gblocks Server (Castresana 2000) . The bootstrap method (1000 replications), Kimura 2-parameter model, and nearest-neighbour-interchange maximum likelihood algorithm were implemented in MEGA 6.06 software (Tamura et al. 2011) to construct the phylogenetic trees.
Statistical analysis
The bacterial counts were evaluated by one-way analysis of variance at a significance level of P = 0.05 using Statistica 12 (Stat-Soft Inc., Palo Alto, USA). Scheffé's pairwise comparison was used for post-hoc analysis. Differences in bacterial counts from both structures of the colonies and the surrounding water, as well as differences in counts between aerobic, anaerobic, and facultative anaerobic organisms were evaluated. Regression analysis was performed to reveal correlations among counts of bacteria present in bryozoan colonies and the surrounding water, P = 0.01.
RESULTS
Bacterial numbers
The average counts of cultivable bacteria from the surface layer and the jelly matter of P. magnifica colonies, and the surrounding water are listed in Table 1 . The largest bacterial numbers of all three groups were found in the surface layer of P. magnifica colonies. In both, surface layer and jelly matter dominated aerobic bacteria, in surface layer together with facultative anaerobic bacteria. Regression analyses showed that the number of microorganisms in both parts of the P. magnifica colonies did not correlate with the number of microorganisms in the ambient water.
Bacteria identification
We chose 253 pure strains with different cell and colony morphologies for identification. To gain preliminary information on affiliation to taxa, 198 isolates were analysed using MALDI-TOF mass spectrometry. The remaining isolates (n = 55) were difficult to culture after re-inoculation; therefore, they were analysed directly using a molecular-genetic approach. (Fig. S1 , Supporting Information). Differences between strains in the same phylogenetic group were also observed. This is true especially for strains of Aeromonas veronii that showed high variability in their fingerprint profiles, which indicates considerable genotypic diversity within A. veronii population in the area (Fig. S2 , Supporting Information). Table 2 shows representative strains (n = 169) of each phylotype revealed by 16S rRNA genes sequencing, NCBI accession numbers and similarities with phylogenetically nearest neighbours at a given length of base pairs, as well as the origin and number of isolates with identical 16S rRNA gene region. The closest related taxa and variability among isolates based on 16S rRNA gene similarities are shown in the phylogenetic trees (Figs 1-3) . Because of the small number of Actinobacteria and Bacteroidetes representatives, phylogenetic trees of these phyla were not constructed, and their closest related taxa are described in followed text. Within Actinobacteria, PT132 was the most closely related to the type strain Frigoribacterium faeni 801 (Y18807) and PT8 to Plantibacter flavus VKM Ac-2504 (FXAP01000011). In the phylum Bacteroidetes, phylotype PT146 was nearest to Chitinophaga niastensis JS16-4 (EU714260), PT251 to Chryseobacterium gambrini 5-1St1a (AM232810) and PT238 to C. indologenes NBRC 14944 (BAVL01000024). Table 3 shows the abundance of detected bacterial species within the major phylogenetic groups and Fig. S3 (Supporting Information) displays distribution of bacterial genera. Based on species representation, Aeromonas veronii clearly predominated in both, P. magnifica and water samples.
Potential new taxa
For 15 phylotypes, the similarities of 16S rRNA gene sequence with those of validly described species were less than 98.65%, a threshold recommended for species delineation (Kim et al. 2014a) . For higher taxa, pairwise identity values of almost full 16S rRNA sequences lower than 95% for genera, 92% for families, 89% for orders, 86% for classes, and 83% for phyla circumscription have recently been calculated. These thresholds are based on median values and the new taxa with higher similarity were validly described as well (Rosselló-Móra and Amann 2015). An example is a new genus described by Kim et al. (2014b) with similarity of 96.55%. Similarity 92.30% between PT59 and Anaeroarcus burkinensis (AJ010961) indicates that PT59 is a member of a new genus in the family Sporomusaceae. PT50 (94.12% with Y18189) and PT126 (96.15% with FR733677), similarly, are putative new genera in the family Clostridiaceae (Fig. 1 ). PT167 and PT168 were also affiliated with the family Clostridiaceae. Both were classified as Clostridium sp. based on similarities (97.42% and 97.79%) to their nearest neighbours PT167 (AY228334) and PT168 (AJ420008), respectively. In the Betaproteobacteria, seven new species in the genera Aquitalea, Chromobacterium, Herbaspirillum, Paludibacterium and Rhodoferax were identified. Two phylotypes, PT67 (97.71%) and PT99 (98.18%), were both closely related to Aquitalea magnusonii (DQ018117), but differed from each other at least in 16 nucleotides (ambiguous nucleotides due to the presence of diverse copies of 16S rDNA were not included) (Fig. 2) The taxonomic tool based on 16S rRNA gene sequences does not have the resolving power to discriminate between very closely related taxa, as in the case of Aeromonas species. Interspecies 16S rRNA gene sequence similarity described in this genus can reach up of 100%, and other phylogenetic markers must be used to distinguish between bacterial species (Aravena-Román et al. 2013). The phylotype PT195 showed the closest similarity 98.84% with type strain Aeromonas jandaei (CDBV01000055), which is significant for the representatives of this group. Similar cases seem to be PT187 Rahnella sp. (98.77% with CP003244), and PT53 Morganella sp. (98.74% with DQ358146).
The majority of isolates that may represent members of new taxa originated from P. magnifica and belonged to the phyla Betaproteobacteria (n = 7), Firmicutes (n = 2) and Bacteroidetes (n = 1). Others were isolated from water samples and resided within Firmicutes (n = 5) or Gammaproteobacteria (n = 4). Phylotype PT50, belonging to Firmicutes, was found in both P. magnifica and water; therefore, it was counted in both groups of samples. 
DISCUSSION
To the best of our knowledge, there are no studies focused on bacteria inhabiting freshwater bryozoans or evidence of their possible specific interactions with the animal. Only one publication describes P. magnifica-associated bacteria (Vlková et al. 2015) . Similar to our results, Aeromonas strains were the most commonly isolated bacteria, followed by Aquitalea. Microbial diversity of cultivatable bacteria associated with the marine bryozoan Flustra foliacea were examined (Pukall et al. 2001) . Nevertheless, a comparison of our results with those of studies focused on microorganisms associated with marine forms is not fully relevant, because bacteria that grow in oceans and freshwater are frequently evolutionary distinct (Zwart et al. 2002) . On the other hand, it was concluded that the F. foliacea accepts colonisation of surface by bacteria that are inhabitants of marine environments and have been transferred to this environment from terrestrial sites (Pukall et al. 2001) . This supports with our results. Most bacterial species isolated from P. magnifica were also found in water and/or are described as bacteria commonly found in the environment. The highest bacterial counts were expected to be found in colonies sampled from water with the highest microbial content, but this was true only in some cases. Statistical analysis showed that the numbers of microorganisms in samples of P. magnifica did not correlate with those in the surrounding water. This finding could be indicative of the commensal or symbiotic character of these organisms. Specific bacterial communities would be strongly dependent on its host's attributes, which are difficult if not impossible to simulate in vitro. In this study, the growth of specific bacteria was supported by adding of P. magnifica extract to the culture medium. Most bacteria belonging to the beta subclass of Proteobacteria were isolated exclusively from P. magnifica colonies, and 7 out of 12 species detected were classified as potential new taxa. For this reason, we can assume that bacteria living in symbiosis with P. magnifica may belong to this phylum. This presumption is supported by the fact that five strains of putative novel species Herbaspirillum sp. PT3 were found in the bryozoan colonies at three different locations, but none was detected in water samples. On the other hand, the 16S rRNA gene sequence of Oxalobacteraceae bacterium PRE7E (KM187616), associated with the skin of the amphibian Notophthalmus viridescens, was identical to our strain PT3. Aquitalea spp. PT67 and PT99 were similar cases. Both phylotypes were very closely related to undescribed Neisseriaceae bacteria associated with the skin of the amphibian Rana catesbeiana (phylotype PT67 to isolate BFE64E [KM187092] and PT99 to BFE40G [KM187049]). Both amphibians, like P. magnifica, are native to North America, and all three mentioned sequences of amphibian-associated bacteria were obtained from samples in North America in the same study (Walke et al. 2015) . Therefore, the question of whether these species could be distributed together with bryozoans may arise. Questionable is specific association of PT78 because of its relatedness to Paludibacterium sp. J8SN6 (JF327660), which was detected in soil. Slightly distant from the closest Paludibacterium sp. CRh31 (KR780468), isolated from Dongxiang wild rice, was strain PT71. Although the sequences were not identical and specific adaptation cannot be fully excluded, Paludibacterium spp. (still undescribed) seems to be common environmental bacteria rather than hostspecific symbionts. This is valid also of Rhodoferax sp. PT111 and Chryseobacterium sp. PT238. Bacteria of genus Rhodoferax have been found in high numbers in a wide range of freshwater habitats (Salcher andŠimek 2016) . Among our strains, the most probable P. magnifica symbiont seemed to be Betaproteobacterial species PT79, classified as Chromobacterium sp. Its 16S rRNA gene sequence similarity with all published cultured and uncultured bacteria was 97% or less. Further, microbial symbionts of marine bryozoan have been found to be involved in chemical defence of their hosts by production of bioactive metabolites. The antimicrobial activity, and/or cytotoxicity are regarded as the most significant properties of these substances (Sharp, Winson and Porter 2007) and the ability to produce drugs with these effects is a characteristic trait of many Chromobacterium spp. (Durán and Menck 2001; Han, Han and Segal 2008) . In addition, Sporomusaceae bacterium PT59 was also found only in P. magnifica colonies.
We expected greater species diversity in P. magnifica than in water samples because of the bryozoan filter feeding strategy, but this was not confirmed in this study. Certainly, this finding is not conclusive. Leaving aside that this study was restricted by the cultivation technique with all of its drawbacks (Salmonová and Bunešová 2017) , a simple explanation may be indicated by the frequency of the ubiquitous bacterium Aeromonas veronii. Aeromonas veronii strains were the most frequently isolated bacteria in our water samples. Although it was not clearly predominant in water, filtration probably allowed the accumulation of cells and increased the prevalence of A. veronii in bryozoan colonies. Increases in the total counts of cultivable bacteria make isolation of less numerous groups from lower dilutions difficult or impossible. Moreover, as facultative anaerobes (Seshadri et al. 2006) , aeromonads are able to grow under both (Silver et al. 2011) . Therefore, significant predominance of these bacteria in Pectinatella colonies might be caused not only by accumulation, but also due to specific interactions. From the second perspective, Aeromonas spp. have been implicated in the wide spectrum of human and fish diseases (Beaz-Hidalgo and Figueras 2013) . Massive expansion of P. magnifica could pose a health risk and economic loss in recreational and breeding areas. It is worth noting that the predominance of Aeromonas species (determined by MALDI-TOF) was observed prior to the selection of bacteria for sequencing. Despite this fact, we revealed 18 potential new taxa, 10 of which were isolated from bryozoan colonies and 9 of these exclusively.
CONCLUSIONS
Our study showed that P. magnifica is a prolific source of hitherto unknown bacteria that are able to grow easily under laboratory conditions. Pectinatella magnifica is colonised predominantly by allochthonous species, either described as bacteria widely spread in the environment or related to less common bacteria, but detected in environmental samples other than in bryozoans. We can say that P. magnifica acts as a biofilter that captures bacteria present in water, and accumulates them to relatively high counts. This may be useful for the isolation of a new species, which are not detected in water because of their low concentrations, although we found potential new taxa even in water. We revealed a total of 18 bacterial phylotypes, representing 15 putative new species and 3 putative new genera. Two strains were detected exclusively in our samples of P. magnifica colonies, and a symbiotic association between these bacteria and the bryozoan could not be excluded.
SUPPLEMENTARY DATA
Supplementary data are available at FEMSLE online.
